Abstract
spectrometer for aerosol optical extinction measurements in the UV spectral region (360 to 420 23 nm). Chemical composition and volatility of the particles were monitored by a high resolution 24 time of flight aerosol mass spectrometer, and a volatility tandem differential mobility analyzer. 
Experiments

29
The experiments took place in the outdoor atmospheric simulation chamber SAPHIR at the 30 Forschungszentrum Jülich, in Jülich, Germany. The SAPHIR chamber has been previously 31 described in detail (Bohn et al., 2005; Rohrer et al., 2005) ; only a short description is given here. To measure the evolution of the generated SOA, the experiments were performed as 9 follows: after the chamber was flushed throughout the night, synthetic air with about 40 ppm of 10 CO 2 was injected into the chamber and the relative humidity was increased to ~75 %. Then the 11 chosen VOCs were introduced and allowed to mix for approximately 2 hours, followed by three experiments performed are summarized in Table 1 , and Fig. 1 which the ion signals are integrated over all particle sizes) was used to determine the SOA 24 composition. The degree of oxidation of the SOA was characterized by deriving the O/C and 25 H/C ratios (Aiken et al., 2007; Aiken et al., 2008) , and by determining the ratios f 44 and f 43
26
(defined as the fractions of the signal at m/z = 44 and 43 of the total organics measured by the 27 AMS) and applying them as suggested by Ng et al. (2010 fitted to a sigmoidal function as has been described by Emanuelsson et. al. (2013b) . From the 28 sigmoidal fits it is possible to obtain the temperature where 50% of the particle volume has evaporated, T VFR0.5 . T VRF0.5 was determined every two hours for each experiment, for particles 1 with 100 nm diameter for the first six hours, and 200 nm diameter for the remaining time. light intensity of the filled cavity relative to a particle-free cavity; taking into account the mirror 19 reflectivity and the Rayleigh scattering of the carrier gas (Washenfelder et al., 2013) .
20
It has been previously shown that by measuring several particle diameters (assuming the 21 composition of each selected diameter to be the same) and fitting a theoretical Mie curve to the 22 measured extinction cross sections at a specific wavelength, the RI of the aerosol can be 23 retrieved (Pettersson et al., 2004; Lack et al., 2006; Abo Riziq et al., 2007; Lang-Yona et al., 24 2009; Miles et al., 2010; Bluvshtein et al., 2012; Flores et al., 2012; Washenfelder et al., 2013) . at λ=420, from the first measurement at 4.5 h to 29 h of ageing. Contrary to the BVOC 13 experiment, there is a clearer increase in the real part. Fig. 3c shows the results for the mixture 14 experiment (the α-pinene and limonene mixture and p-xylene-d 10 were added simultaneously).
15
Here there is an increase in the real part of the RI from 1.5 h to 25.2 h of ageing, changing from with no discernible effect when an OH scavenger was used. Oxidative ageing changes the SOA's oxidation state, density, mean molecular weight, and 26 polarizability (Katrib et al., 2005; Liu and Daum, 2008; Cappa et al., 2011; Lambe et al., 2013) .
27
O/C and H/C ratios are useful metrics to measure the oxidative state of the aerosol (Ng et al., time. Furthermore, the rate of change of the RI with respect to the H/C ratio is also smaller than 10 for the mixture experiment: the H/C ratio decreased from around 1.50 (±0.15) to ~1.45 (±0.15).
11
There is not a clear difference between the two experiments in the dependence of the real part of 12 the RI on volatility. For the BVOCs experiment it is difficult to assess a relationship with only 13 two retrievals within the first 5 h of the experiment. There is only evidence that the RI remained 14 constant (as seen in Fig. 3 ) with a small increase in the O/C ratio, and a slight decrease in 15 volatility with T VFR0.5 increasing from 365.5 K (±2.7) to 366.7 K (±2.6).
16
The relationship between optical properties and chemical composition has been 17 previously explored. and from n = 1.46 to 1.55 for azelaic acid at O/C ratios from 0.45 to 0.75. Nakayama et al.
30
(2013) also saw an increasing trend studying the RI of SOA generated from the photooxidation of toluene (an aromatic hydrocarbon). At λ=405nm the real part increased from n = mixture experiment, however, shows an increase of the H/C ratio in the first few hours of the experiment, from 1.51 to 1.57, followed by a decrease to ~1.49 at the end of the experiment.
18
In the evolution of the O/C and H/C ratios there are three distinct features: 1) the initial (Fig.2) . However, the initial ozone concentration and solar radiation exposure 1 were lower for the mixture experiment than for the other two experiments. By comparing the H/C and O/C ratios measured in this study to values measured in different cities around the world (Fig. 5b) , it is clear that the SOA in this study is less oxidized. The fact 23 that the SOA is not as oxidized may explain the lack of absorption observed, though Nakayama associates the RI to the mean polarizability (α), the molecular weight (MW) and the density of 
17
The increase in the density from 4.5 h to 7 h after the beginning of the experiment seen in 18 the sequential experiment occurred practically under dark conditions (see Fig. 2 
j(NO2) values).
19
This might be attributed to a combination of a few processes: condensation of ozonolysis 20 products, oligomerization and evaporation of more volatile material from the particles. Between 
Atmospheric relevance and implications
29
To assess the atmospheric relevance of the SOA measured in this study Fig. 7 shows the f 44 vs. indicates lower volatility OOA. The triangle in the insert in Fig. 7 shows the area proposed by 
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Möhler, O., Leisner, T., Müller, L., Reinnig, M.-C., Hoffmann, T., Salo, K., Hallquist, M.,
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Frosch, M., Bilde, M., Tritscher, T., Barmet, P., Praplan, A. P., DeCarlo, P. F., Dommen, J., , 38, 843-852, 2007. 31 Jordan, A., Haidacher, S., Hanel, G., Hartungen, E., Märk, L., Seehauser, H., Schottkowsky, R., , 286, 122-128, 2009. 34 Katrib, Y., Martin, S.T., Rudich, Y., Davidovits, P., Jayne, J. Figure 1 . Schematic of the experimental procedure and instrumentation used for measuring the evolution of secondary organic aerosol over a diurnal cycle. All experiments began around 11:30 hrs. local time. Acronyms: SMPS -Scanning mobility particle sizer CPC -Condensation particle counter PTR-MS -Proton transfer reaction -mass spectrometer BBCES -Broadband cavity enhanced spectrometer VTDMA -Volatility tandem differential mobility analyser HR-ToF-AMS -High resolution -time of flight -aerosol mass spectrometer 
